OBJECTIVE: Early diagnosis and treatment decreases the mortality and morbidity of neonatal sepsis(NS). The aim of this study was to find out the level of different inflammatory markers in neonatal sepsis.
N eonatal sepsis (NS) has significant morbidity and mortality rates and it is still difficult to diagnose on presentation. For this reason, neonates with suspected sepsis are usually prone to empiric broad-spectrum systemic antibiotic therapy until sepsis can be excluded, and pathogens are identified in only a small proportion of those patients. This empirical overuse of antibiotics favors the development of antimicrobial-resistant organisms. [1, 2] To prevent microbial resistance induced by unnecessary administration of antibiotics, a definite diagnosis should be made using laboratory tests with a higher diagnostic value. [3, 4] The gold standard for diagnosis of bacterial sepsis is blood culture, although pathogens in blood cultures are only detected in approximately 62% of the cases. The diagnosis of sepsis is often based on clinical assessment, in combination with laboratory markers such as C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). [2] Procalcitonin (PCT) is produced in the liver or by macrophages and is secreted as an acute-phase reactant into the blood during infection. PCT starts to rise 4 h after exposure to bacterial products and reaches peak concentration within 6-8 h. Recently, PCT has received considerable interest in the diagnosis of bacterial infections in both pediatric and adult populations, although its accuracy in NS diagnosis is still controversial. [5] [6] [7] In a study by Vazzalwar et al., [8] a PCT cutoff value of 0.5 ng/mL was found to be more sensitive than CRP in predicting late-onset NS in very low birth weight infants. One limitation of PCT as an early marker for early-onset NS is that its concentration continues to rise normally during the first 48 h after birth, with a peak concentration at 18-30 h. [9, 10] for the initiation of effective defense against invasive pathogens.
[3] IL-6 is produced by phagocytes and endothelial cells in response to infection and inflammation. Studies have reported that IL-6 cutoff values to diagnose sepsis have ranged from 18 to 31 pg/mL. [11, 12] However, elevation of cytokines may occur normally after delivery, limiting their use as a diagnostic tool in the neonatal setting, especially in the immediate postpartum period. There are also several other variables, such as hypoxia, fetal distress, prematurity, antenatal steroids, and other meconium aspiration, that elevate cytokine levels and limit their use in diagnosing early-onset NS. [13] This study aimed to evaluate the newer methods for the diagnosis of NS (determination of PCT and IL-6 levels) and compare them to the conventional sepsis marker CRP, ESR, and BACTEC blood culture. Because suspicion of NS is based on a number of known risk factors, clinical signs, and laboratory markers, identification of a sign or a marker that could predict the diagnosis of NS is of paramount importance.
Aims and objectives 1. To find out the level of different inflammatory markers in NS 2. To find out the correlation of different markers.
Materials and Methods
The present prospective observational study was conducted in term neonates (0-28 days) at the Institute of Child Health, Kolkata, from January 2015 to June 2015.
Inclusion criteria
Newborns' clinical signs of NS included respiratory manifestations such as apnea (suspension of external breathing for at least 20 s), tachypnea (respiratory rate over 60 breaths/ min), nasal flaring, retractions, cyanosis or respiratory distress and/or bradycardia (heart rate <80 beats/min in term neonates) and/or hypotonia, seizures, poor skin color, irritability, or lethargy. [15] Exclusion criteria Neonates suspected to have congenital malformations and/ or laboratory-confirmed TORCH infections were excluded from the study.
Study tools and methodology
After a thorough history and clinical examination, blood samples were aseptically obtained from each neonate within the 24 h of Neonatal Intensive Care Unit admission as follows: 0.5 mL was inoculated immediately into blood culture bottles for blood culture, 0.5 mL was collected in an ethylenediaminetetraacetic acid tube for ESR, and 1 mL was collected in plain tubes to separate serum, which was kept at −20°C until used for assessment of CRP, IL-6, and PCT. Blood culture bottles were directly incubated in BACTEC 9050 system (Becton Dickinson, New Jersey, USA). Positive cases were subjected to subculture and complete bacteriological identification according to the standard microbiological methods.
[1] IL-6 measurement was performed using chemiluminescence immunoassay platform (ROCHE e420). PCT was assessed by sandwich immune assay (Piramal healthcare). [6] Statistical analysis was performed using Student's t-test and Chi-square test to look for an association between NS and different inflammatory markers and also to compare the strength of association among the inflammatory markers, respectively.
Results
The studied neonates were divided into three groups: Group Table 3 . The CRP was significantly elevated (cutoff value = 5 mg/L) [2] in 13 patients in Group 1, 9 patients in Group 2, and 5 patients in Group 3. ESR was significantly elevated (cutoff value >20 mm in male and 15 mm in female at 1 st h) [2] in 8 patients in Group 1, 5 patients in Group 2, and 10 patients in Group 3. IL-6 was significantly increased (cutoff value = 30 pg/mL) [2] in Table 4 .
Discussion
NS is still one of the major causes of morbidity and mortality among newborns in developing countries. It is considered a life-threatening clinical emergency that necessitates urgent diagnosis and treatment. [15] [16] [17] The causative organisms of NS vary in developed and developing countries. In this study, Gram-negative organisms such as Klebsiella (five isolates) and E. coli (four isolates) were the most common causative organisms followed by CoNS (two isolates). Newborns are most probably infected by Gram-negative organisms from the vaginal and fecal flora of the mother and the environment during delivery. On the other hand, other investigators found that CoNS was the most common causative organism of NS. [18] However, the mortality rate due to CoNS was lower than that due to Gram-negative bacilli. Similarly, Simonsen et al. [19] reported that while GBS was the most common etiologic agent of NS, E. coli was the most common cause of mortality.
Since sepsis is a systemic inflammatory response to infection, blood culture is still considered the gold standard method for the diagnosis of NS. [20] In this study, only 15 out of 42 neonates who were suspected of having NS had positive blood culture. This low sensitivity (35.71%) may be attributed to inoculation of only 0.5 mL of blood or to the fact that about 60%-70% of infants had a low level of bacteremia. For optimal results, blood culture requires about 6 mL of blood, which is not feasible. [21, 22] Determination of CRP is one of the most commonly used laboratory tests for the diagnosis of NS. It is also useful for monitoring the response to treatment and guiding antibiotic therapy. [23, 24] ESR measures the distance (mm) that red blood cell has fallen after 1 h in a vertical column under the influence of gravity. The ESR measures the rate at which the red blood cells get separated from the plasma and fall to the bottom of a test tube. The rate is measured in mm/h.
PCT is an acute-phase reactant produced both by hepatocytes and macrophages. It begins to rise 4 h after exposure to bacterial infection; the PCT response is more rapid than that of CRP. Therefore, it is an attractive alternative for the detection of NS because PCT levels remain high compared with CRP. PCT is also useful in predicting the severity of infection, response to treatment, and outcome. [25] In contrast to CRP, infants with other clinical conditions such as trauma, meconium aspiration, and hypoxemia have normal or minimal elevation in PCT. [26, 27] IL-6 is a pro-inflammatory cytokine produced by monocytes and macrophages activated by bacterial infection. IL-6 can be detected in blood earlier than CRP during the course of NS. Like most cytokines, IL-6 does not cross the placental barrier; therefore, its increased level may predict the possibility of NS during the first few hours of life. [28] In our study, CRP level was found to be elevated in 27 neonates, with 88% sensitivity and 70.59% specificity. ESR level was found to be elevated in 22 neonates with 52% sensitivity and 41.18% specificity. In this study, it was found that PCT level was significantly elevated in 24 neonates suspected to have NS, with sensitivity of 84% and specificity and 100% and specificity varied between 70% and 100%. [29] Our results support the findings of others [30] who suggested that PCT can be more accurate than CRP for the diagnosis of NS. IL-6 was found to be raised in 24 neonates, with 76% sensitivity, 70.59% specificity, and positive likelihood ratio of 2.58. In addition, IL-6 was mostly positive within 24 h after the onset of NS. Similar to our results, IL-6 was reported to have high sensitivity (76.9%), specificity (73.68%), positive predictive value (80%), and negative predictive value (70%). [31] The limitations of our study were small sample size, technical difficulties in sample collection, and delayed reporting of organism detected by blood culture. In addition, it is arguable that CoNS detected by blood culture is really attributed to sepsis or merely a contamination.
Conclusions
Blood culture significantly increased the proved sepsis status among neonates suspected to have NS. None of the studied markers (CRP, ESR, PCT, and IL-6) could be used individually to confirm or exclude the diagnosis of NS, and combination with other hematological markers and clinical observation is an essential issue. ESR is a poor predictor of NS. Newer inflammatory markers, namely PCT and IL-6 were found to have greater value than ESR, but not CRP; however, further studies are needed to confirm these findings.
